Both phenacetin and N-acetyl p-aminophenol (paracetamol) are used widely and can be obtained without prescription. The former is generally dispensed in pharmaceutical mixtures whilst the latter can be obtained without the addition of other drugs. Patients have been admitted to hospital with symptoms suggestive of overdosage of these compounds and as a result, the detection and determination of the levels in blood, serum and urine is important.
The metabolism of these compounds has been recorded Axelrod, 1948, 1949; Williams, 1959) . N-Acetyl p-aminophenol circulates and is excreted mainly as conjugates, namely glucuronidates, sulphates, etc. Phenacetin, after ingestion, is rapidly converted into a mixture of N-acetyl p-aminophenol and p-ethoxyaniline, the former predominating. Evidence for the ingestion of phenacetin could depend on the detection and determination of p-ethoxyaniline if such is required (Brodie and Axelrod, 1949) . It would appear that the only likely biological material in which it can be detected unchanged is in stomach contents.
Some details of the present procedure have appeared in an earlier publication (Tompsett, 1958) but in the frequent application to the analysis of blood serum, urine and tissues, various modifications have been introduced in order to increase efficiency and utility.
As a preliminary, the material under examination is subjected to a hot acid hydrolysis. As a result of this treatment, N-acetyl p-aminophenol and various conjugates, e.g. sulphates and glucuronidates are converted into free p-aminophenol and phenacetin is converted into p-ethoxyaniline, p-Aminophenol is extracted from the digest after adjustment of the pH to neutrality, with an organic solvent. Care must be taken to ensure that the digest is not made alkaline since under such conditions, p-aminophenol is unstable. Chloroform is used in preference to ether as the solvent because the former, in contrast to the latter, results in a zero blank. Originally, such solvent extracts were evaporated to dryness and the colorimetric reaction applied to an aqueous solution of the residue. This procedure was suitable for urine examination but when applied to blood, serum and tissue extracts, turbidities frequently resulted. To obviate such difficulties, p-aminophenol is extracted from chloroform solution with aqueous N hydrochloric acid. p-Aminophenol is finally determined colorimetrically by the formation of a blue indophenol pigment. This is a simpler colorimetric procedure than that described by Axelrod (1948, 1949) . Welch and Conney (1965) have described a colorimetric procedure employing the indophenol reaction for the determination of p-aminophenol liberated by acid hydrolysis but with the solvent extraction omitted. The writer has found that solvent extraction, as a preliminary, is an essential to the use of the indophenol reaction. 
Method
Urine: To 1 mi. of urine contained in an 8 x 1 in. tube are added 1 mi. 10 N hydrochloric acid followed by 8 mi. water. The tube is placed in a boiling water bath for 1 hour. After cooling, solid sodium hydrogen carbonate is added until neutrality has been achieved. This can be detected by the cessation of gas (COz) evolution and by the use of test papers. 40 mi. chloroform are added and the mixture shaken vigorously for 2 minutes. The aqueous phase is separated and rejected. Anhydrous sodium sulphate is added to effect dehydration, after which the mixture is filtered. 30 ml, of the chloroform extract are measured into a glass stoppered 50 mi. measuring cylinder and 10 mi. N hydrochloric acid added. The mixture is shaken vigorously for 2 minutes. 5 mi. of the acid aqueous extract are separated and to this are added 0.5 mi. o-cresol followed by 2 ml, ammonia. The mixture is allowed to stand at room temperature for 1 hour, after which the absorbance of the blue colour is read against an appropriate blank at 620 nm. 81
Blood Serum: Into an 8 x 1 in. glass tube are measured 2.5 mi. of serum followed by 2 mi. 10 N hydrochloric acid. The mixture is placed in a boiling water bath for 1 hour. After cooling, the mixture is diluted to 10 mi. by the addition of water. The procedure is then continued as described for urine. Note---eonsiderable frothing may be encountered on the addition of sodium hydrogen carbonate.
Standards: 100, 200 and 400/Lg. of N-acetyl p-aminophenol contained in 10 mi. N hydrochloric acid are treated in a similar manner to that described for urine, the complete procedure being carried out.
If glass stoppered 8 x 1 in. glass tubes are used, both the hydrolytic and preliminary extraction procedures can be carried out in the same vessel.
DISCUSSION
Analytical methods are generally designed for application to a particular problem and such may be ascribed to the development of the present method. As a result of its application to clinical material, it has been found that urine levels may reach up to approximately 300 mg./lOO ml. whereas blood serum levels are usually within the range 1 to 10 mg./lOO ml., although values exceeding 30 mg./l00 mi. have been encountered. The method is not designed to measure trace quantities accurately since, at present, there appears to be no clinical significance for such. In the event of very high concentrations, dilution may be employed or the procedure repeated using a smaller volume of sample.
In our experience, both blood serum and urine should be examined. Following ingestion, serum levels may fall very rapidly and as a result, depending upon the time interval involved, blood serum may show insignificant levels whereas considerable quantities may be found in urine.
It will be noted that the determination will include all those substances capable of being converted into p-aminophenol by the hydrolytic procedure employed. This, in the case of paracetamol, not only includes the unchanged substance but also many or most of the conjugates. In the case of phenacetin, only substances derived from the primary metabolite, N-acetyl p-aminophenol, will be included. To include metabolites and conjugates in a determination appears to be contrary to some chemical toxicological principles, e.g, barbiturate, and salicylic acid intoxication assessment. The present procedure has been adopted for analytical convenience.
SUMMARY A procedure has been described for the determination of paracetamol and the primary metabolite of phenacetin in blood serum and urine.
